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B
iopolymers were produced by using Alcaligenes eutrophus microorganisms. Some
of substrates such as glucose, sucrose, butyric, pentanoic and propanoic acids
used as carbon sources affect the accumulation and composition of biopolymers
in the cell. The maximum polymer production (0.97 g/L) was obtained when 2.0 g glu-
cose/100 mL was used as a substrate. Accumulation of polymer in the cell was 28%
(wt/wt) when pentanoic acid was used as substrate. Characterization of the biopolymers
was carried out by using different spectroscopic and thermal techniques such as FTIR,
DSC, 1H NMR and GC/MS. Glass transition temperature (Tg) and melting temperature
(Tm) of the polymers changed between 4.71-11°C and 147-179.8°C, respectively.
Enthalpy of fusion (∆H) varied between 43.82 and 96.70 J/g. Biodegradability of PHB was
tested in biological medium and in phosphate buffer solution.
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ABSTRACT
Key Words:
A wide variety of bacteria accumu-
late optically active highly crys-
talline polyesters, polyhydroxybu-
tyrate (PHB) and poly(hydroxybu-
tyrate-co-hydroxyvalerate), P(HB-
co-HV), as carbon and energy
sources [1-3]. The PHB biopolymer
was obtained by using P. oleverens
and Rhodococcus sp. from different
substrates as carbon sources [4-6].
The synthesis of the PHB biopoly-
mer was studied in a batch reactor
using a mutant strain of Azotobacter
vinelandii utilizing glucose [7].
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Biosynthesis of polyesters by automatically controlled
fermentation is more economical than synthetic pro-
duction of this polymer [8]. PHB was accumulated as
inclusion bodies so that 70% of the dry cell weight of
Ralstonia eutrophus was composed of PHB and the
high concentration of fructose inhibited the growth [3].
Food industry wastewater serves as a carbon source for
the synthesis of PHB by Azotobacter chroococcum.
The content of polymer in bacterial cells grown on the
raw materials is approximately 75% [9]. The copoly-
mer compositions were found to vary from 0 to 47 mol
% HV units, depending on the composition of the car-
bon sources [10,11].
The kinetics of non-isothermal crystallization in a
novel microbial synthesis of a biodegradable block
copolymer poly(3-hydroxybutyrate-co-3-hydroxy-
valerate), P(HB-co-HV), was studied by differential
scanning calorimetry (DSC) [12,13]. The equilibrium
solubility of poly(β-hydroxybutyrate) (PHB) was stud-
ied in supercritical carbon dioxide. The effects of the
main parameters such as pressure, temperature, and
solvent density on solubility were determined [14].
The two genes, bdhA(3-hydroxybutyrate dehydro-
genase) and acsA2 (acetoacetyl-co  A synthetase),
which are considered to be involved in the PHB degra-
dation pathway in Azospirillum brasilense strain Sp7,
were identified, cloned, and sequenced [15]. They have
received increased attention because of their
biodegradability and biocompatibility [16]. PHB and
its copolymers are environmentally hydrolyzed to solu-
ble oligomers by extracellular enzymes of microorgan-
isms and then finally to carbon dioxide and water by
intracellular enzymes. PHB and its copolymers have
much potential in medical applications due to their low
degradation rate. Their use in drug release system, sur-
gical sutures, etc. is increasing rapidly. The PHB pro-
duced is exceptionally pure as a result of the biosyn-
thetic process and contains no catalyst residues. Since
this highly pure polyester makes an ideal material for
the study of polymer crystallization, it has been inves-
tigated in detail [16,17].
Chemical structure and mechanical properties of
polyesters have been investigated by analytical meth-
ods [18]. The microbial polyesters have attracted much
attention as biodegradable materials for a wide range of
agricultural, marine and medical applications. It is
important to investigate the biodegradation behaviour
and kinetics of the biodegradable reaction [19].
As a contribution to the subject, we have studied
the effects of various carbon sources and their concen-
trations on PHB homopolymers and P(HB-co-HV)
copolymers production by A. eutrophus. We also deter-
mined the mole fractions and average molecular
weights of polyesters and investigated their molecular
structure, thermal analysis, biodegradability and
obtainability as microspheres of biopolymers.
EXPERIMENTAL
Materials and Methods
To promote polyester synthesis, the washed cells (4-5g)
were transferred into a nitrogen-free medium (100 mL,
pH=7) containing mineral solution and different carbon
sources. The cells were cultivated in the medium for
48-60 h at 30￿C, harvested by centrifugation, washed
with acetone and finally dried under vacuum at room
temperature. Polyesters were extracted from dried cells
with hot chloroform (95￿C) and purified by reprecipi-
tation with hexane [20].
The polyesters content of the cell and the composi-
tion of polyesters were determined by the method of
Braunett et al. using gas chromatography-mass spec-
trometry (GC/MS) analysis [2]. The cells produced
were centrifuged and dried at 30￿C in vacuum. Two mL
of methanol was acidified with 3% (v/v) H2SO4 and 2
mL of chloroform were heated at 100￿C for 3.5 h for
depolymerization and methanolysis of polyesters. After
cooling, 1 mL of H2O was added and the suspension
was shaken well for 10 min. After two phases were
separated by standing, 2 µL of the organic phase was
injected to a gas chromatographic analyzer (equipped
with an HP-1 column 30 m * 0.25 mm ID and 0.33 µm
film thickness, Hewlet-Packard 5890 gas chromatogra-
phy-mass spectrometer) with helium as a carrier gas
was used under the following conditions: initial tem-
perature = 90￿C, final temperature = 150￿C, the rate of
temperature increase was set at 8￿C/min, and injector
temperature = 200￿C. Benzoic acid was used as inter-
nal standard and the concentration of each species was
determined by using total area  [6,21].
Molecular weights and dispersities were deter-
mined by gel permeation  chromatography (GPC) sys-
tem equipped with Waters Model 510 pump, ModelProduction of PHB and P(HB-co-HV) Biopolymers by... Nurbas M. et al.
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486 tunable absorbance detector, and Model 730 data
module with 500, 105 ￿ AUltrastyragel columns in series.
Chloroform was chosen as the eluent at a flow rate of
1.0 mL/min. Sample concentrations of 0.5% (w/v) and
injection volumes of 100 mL were used. Polystyrene
standards with a low polydispersity were applied to
generate a calibration curve [17,22].
The structure and mole fractions of HB and HV
units in the copolyester samples were investigated by
the 100 MHz 1H NMR spectra recorded at 27￿C on a
CDCl3 solution of polyester (5 mg/mL). Peak areas
were determined by spectrometer integration by using
tetramethylsilane (TMS) as an internal reference.
Infrared spectra (IR) were recorded on polymer
films cast from chloroform solution onto KBr plates by
using FTIR (Shimadzu, DR-800) at 27￿C. 
Purified polyesters were analyzed on a Du Pont
DSC 910 differential scanning calorimeter.
Approximately 5 mg of sample was sealed in an alu-
minium planchet and analyzed. The glass transition
temperature (Tg), melting temperature (Tm) and the
heat of fusion (∆H) were measured for polyester sam-
ples. Scans started at -50￿C and were ramped at
20￿C/min to 200￿C [21].
Modified solvent-evaporation method was used for
obtaining PHB microspheres. This method involves the
preparation of the organic phase by dissolving 0.025 g
PHB in 5 mL methylene chloride solvent. Dispersing
medium was prepared by dissolving 1g sodium dode-
cylsulphonate (SDS) in distilled water. The organic
phase was dropped into dispersing medium at 1
mL/min flow rate by an injection pump. The medium
was agitated by mechanical stirrer and sonication
method for 4 h at a constant temperature.  
The degradation of biopolymers was investigated
in pH=7.4 phosphate buffer solution and in a biological
medium (soil solution). Biopolymers were added to the
media in the form of films. Degradation processes were
followed by using an optical microscope. 
RESULTS AND DISCUSSION
Table l gives the results of polyester production by A.
eutrophus under nitrogen-free condition from different
carbon sources including glucose, sucrose and several
organic acids. The composition of the polyesters was
affected by the choice of substrate. A polyhydroxybu-
tyrate homopolymer was produced from glucose or
butyric acid. The copolyesters were obtained from glu-
cose, sucrose and/or butyric, valeric and propionic
acids. The effect of organic acids on accumulation of
P(HB-co-HV) copolyesters varied with concentration
and types of carbon sources. The polyesters content in
dried cell ranged between 0 and 84 wt% depending on
the mixture of carbon source in the nitrogen-free culture
medium. When only valeric acid was used as a carbon
source for A. eutrophus, the copolyester was produced
with high proportions of HV units (84 mol% HV).
Accumulation rate of the polyesters in the cells
decreased when the organic acids were used as a cosub-
strate. The maximal PHB (0.97 g/L) was produced at
2.0 g glucose /100 mLapproximately matching with the
results of previous research studies [7,9]. The molecular
weight data for the polyesters were obtained by GPC
analysis at 27￿C in CHCl3. Table 2 shows that they have
high molecular weight and their molecular weights
decrease by increasing mol% HV in the copolyesters.
Table 3 presents the properties of polyesters. The
intrinsic viscosity and Tg were in the ranges of 1.80-
2.11 dL/g and 4.27-11.0￿C, respectively, which indicate
that the formation of copolyesters with HV units, the
Tm and entalpies of fusion (∆H)  increased with
increasing the HB units (Figure 1).
The structures of polyesters were investigated by
1H NMR, FTIR and GC/MS analyses. The 1H NMR
spectrum of PHB in CDCl3 solution was obtained. In
Figure 2, methyl protons (-CH3) appear to have a dou-
ble resonance at 1.274 ppm, methylene protons (-CH2)
appear to have a multiplet resonance at 2.520 ppm,
methine proton (-CH) of bacterial polyhydroxybu-
tyrate also has a multiplet resonance at 5.260 ppm. The
1H NMR spectra of P(HB-co-HV) implied that the
polymers contained the two monomeric units HB and
HV. The 1H NMR spectrum resonances of P(HB-co-
HV) at 0.894, 1.250, 1.620, 2.650 and 5.250 ppm for -
CH3 (HV side group), -CH3 (HB side group), -CH3
(HV side group), -CH2 (HV and HB bulk structure)
and -CH (HV and HB bulk structure) groups, respec-
tively are shown in Figure 2.
The IR spectrum of PHB is shown in Figure 3.
There was a strong adsorption band at 1279 cm-1 which
is characteristic for ester bonding. Other adsorption
bands at 1379, 1454, 2928, 1724 and 3750 cm-1 for -CH3, -CH2, -CH, C=O, and O-H groups respectively
are given in Figure 3.
The structures and mole fractions of copolyesters
were determined by GC/MS based on the peak areas of
ions. The peak areas of (M-31)+ ions at m/z of 87 and
101 corresponding to the hydroxybutyrate and hydrox-
valerate species, respectively, were rationalized to the
area of the (M-17)+ ion at m/z of 105 of the benzoic
acid. Benzoic acid was used as internal standard and
the concentration of each species was determined by
using total area (Figures 4 and 5). 
Due to their purity, physical and chemical proper-
ties, non-toxic behaviour, biocompatibility [3,16] and
degradability, these biopolymers have the potential to
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Table 2. Properties of some biopolymers synthesized by Alcaligens eutrophus.
(a) Concentration of copolyesters was determined by GC/MS; (b) The intrinsic viscosity of polyesters was measured in chloro-
form at 27°C; (c) Molecular weight and H.I. = Mw/Mn were determined by GPC method.
Exp. No Polyester composition (% mol)
a µb
(dL/g)
Mw (10-3)c
(g/mol)
Mn (10-3)c
(g/mol)
H.l.
Mw/Mn
c
2
3
5
HB HV
2.1120
1.8012
2.0715
226
219
224
118
114
117
1.910
1.920
1.911
82
69
74
18
31
26
Table 1. Accumulation of copolyesters in Alcaligenes eutrophus by the use of several carbon sources. 
Exp. No Substrate (carbon source g/100 mL) Biopolymer (g/L) HB (%)  HV (%)
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
S G B V P
-
-
-
-
-
-
-
-
-
-
-
2
2
2
2
2
2
2
2
1
-
2
2
2
2
0.25
0.15
0.05
-
-
-
-
-
-
-
-
-
-
1
1
-
-
-
-
-
-
-
-
-
-
-
0.5
1
1.5
2
2.5
3
1
1
0.15
0.1
0.05
-
0.25
2
2
2
2       
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
2
1
-
-
-
-
-
-
0.482
0.305
0.3314
0.3122
0.271
0.97
0.2721
0.3079
0.3114
0.3022
0.1311
0.1414
0.2120 
0.2319
0.2936
0.562
0.392
0.151
0.1362
82
74
69
71
74
100
60
21
36
44
16
73
67
32
32
33
32
53
51
18
26
31
29
26
0.0
40
79
54
56
84
27
33
68
68
67
68
47
49
Concentration and mole fraction of biopolymers determined by GC/MS analysis. (G, glucose; S, sucrose; B, butyric acid; V, pentanoic acid and P, propanoic acid).be used in the packaging industry and in the production
of biomedical materials. They may also be used as drug
carriers for the same reasons [15,20]. We tested the
obtainability of PHB in the form of microspheres, use-
ful in drug carriers, by the modified solvent-evapora-
tion method. Average particle diameters of micros-
pheres obtained were between 40 and 90 µm when only
mechanical stirring was used (Figure 6). They were
between 5 and 10 µm when mechanical stirring and
sonication methods were used together. 
Many studies have been done to synthesize new
polymeric materials with better biodegradability prop-
erties due to their massive use in industrial applica-
tions. The materials, synthesized with better biodegrad-
ability properties, were also evaluated using degrada-
tion tests [ 9, 12, 13, 15, 23-27].
For the same reasons, we have tested the degrad-
ability of PHB, as an alternative new material, in bio-
logical medium (soil solution) and phosphate buffer
solution. Degradability of biopolymers was better in a
biological medium compared to that in phosphate
buffer solution. It was observed that degradation of
PHB is much higher and after 5-6 weeks microorgan-
isms grown in the soil solution have covered the sur-
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Figure 2. 1H NMR Spectrum of the PHB and P(HB-co-HV)
polyesters.
PHB
P(HB-co-HV)
δ(ppm)
CH
CH2
CH3
CH(b)HB+HV
CH2(b)HB+HV CH2(s)HV
CH3(s)HB
CH3(s)HV
6.0 5.0 4.0 3.0 2.0 1.0 0.0
5.5 5.0 5.5 2.0 1.5 1.0
Table 3. Formulations for testing the optimum concentration of  CTNR in silica filled NR latex vulcanizates.
Exp. No
Polyester composition (% mol)
HB                      HV
Tg
(°C)
Tm
(°C)
∆H
(J/g)
6
2
5
3
7
18
11 
100
82
74
69
60
53
16
0
18
26
31
40
47
84
8.85
8.22
9.35
11.0
9.52
7.15
4.27
178.80
177.32
167.21
167.05
166.09
152.53
147.06
96.70
94.01
57.91
54.91
72.94
48.69
43.82
Figure 3. IR Spectrum of the PHB homopolymer.
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Figure 1. DSC Thermogram of PHB and P(60 % HB-co-40 %
HV) polyesters.face of  the samples and the sample was degraded com-
pletely [25]. In buffer solution, degradability was much
lower and only some pores were formed on the surface
of the film (Figure7).
CONCLUSION
A. eutrophus was used to obtain biopolymers. A. eutro-
phus is a commonly used microorganism. It accumu-
lates PHB and its copolymers by using different carbon
sources as substrates. Thermal and mechanical proper-
ties and molecular weights of biopolymers varied with
HV content. The results of the study are in agreement
with those reported previously in literature. These
biopolymers have potential candidate for some applica-
tion in packaging and biomedical materials production
due to their purity, non-toxic behaviour, biocompatibil-
ity, degradability, and obtainability in the form of
microspheres useful as drug carriers. Monosized
microspheres can also be obtained by controlling the
agitation and temperature of the medium. These matri-
ces may be used in-vivo or in-vitro in biomedical appli-
cations. Compatibility with human physiology and
drug release property from the matrices are crucial, and
the biopolymers produced in this study carry these
properties.
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